Direct ultraviolet (UV) photoionization enables electrical charging of aerosol nanoparticles without relying on the collision of particles and ions. In this work, a low-strength electric field is applied during particle photoionization to capture charge as it is photoemitted from the particles in continuous flow, yielding a novel electrical current measurement. As in conventional photocharging-based measurement devices, a distinct electrical current from the remaining photocharged particles is also measured downstream. The two distinct measured currents are proportional to the total photoelectrically active area of the particles. A three dimensional numerical model for particle and ion (dis)charging and transport is evaluated by comparing simulations of integrated electric currents with those from charged soot particles and ions in an experimental photoionization chamber. The model and experiment show good quantitative agreement for a single empirical constant, K c I, over a range of particle sizes and concentrations providing confidence in the theoretical equations and numerical method used.
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Roman Symbols
A surface area, nm 2 cm −3 c mean molecular velocity, m s −1 D diffusion coefficient, m 2 s −1 d p particle diameter, nm e electron charge, 1.602×10 −19 C E electric field, V m −1 hν light energy, eV I irradiation intensity, W m −2 i current, A; number and polarity of particle charges K particle conductivity parameter k B Boltzmann constant, 1.38e-23 m 2 kg s −2 K −1 K c photoemission constant, J −2 m empirically determined constant N particle concentration, cm −3 n ion concentration, cm −3 Q volumetric flow rate, std L/min q particle charge level r distance from particle center, m T temperature, K t time, s u velocity, m s −1 V e elementary electron potential V voltage, V Z particle electric mobility, m 2 V −1 s −1 Greek Symbols α q→q+1 combination coefficient for photoionization, s −1 α C ion-particle collision probability β attachment coefficient for recombination, cm 3 s −1 δ limiting sphere radius, m; power fit concentration exponent power fit diameter exponent γ power fit pre-factor Φ work function, eV ε 0 vacuum dielectric constant, F m −1 ϕ electrostatic potential, V Subscripts and Superscripts d diameter e electrode i ion ∞ flat surface irr irradiation max maximum min minimum o outlet p particle
Introduction
Direct ultraviolet (UV) photoionization is a method of electrically charging aerosol nanoparticles distinct from the conventional diffusion charging mechanism which relies on the collision of particles and ions. In direct particle photoionization, photons of sufficient energy are absorbed, causing particles to emit electrons, thus leaving the particles positively charged. Photoionization can yield significantly higher charging efficiencies than diffusion based methods for some nanoparticle materials over a range of particle sizes in the free molecular regime (Jung et al., 1988; Mohr et al., 1996; Li and Chen, 2011) . The increased charging, material dependency, and collision-free charging mechanism provide opportunities for sensing Niessner, 1986; Matter et al., 1995) , capture (Jiang et al., 2007b) and control of aerosol nanoparticles.
Particle photocharging theory was developed to study the enhanced charging efficiency of nanoparticles over flat surfaces (Cardona and Ley, 1978; Schmidt-Ott et al., 1980; Wood, 1981; Schmidt-Ott and Federer, 1981) . More recent studies have evaluated photocharging theory by measuring the capture efficiency of photocharged particles in a high voltage electrostatic precipitator (Jiang et al., 2007a,b; Hontañón and Kruis, 2008; Li and Chen, 2011) . The equation for photoionization yield generally includes an empirical constant which has been used as a fitting parameter for changes in particle size, light intensity, or flow rate (Jiang et al., 2007b; Hontañón and Kruis, 2008) . Li and Chen (2011) investigated the effect of UV light intensity on the photoionization of silver nanoparticles for a range of light intensities. They showed no size dependence for the photoemission constant of 7-30 nm silver particles, which is in agreement with photocharging theory and calculations, yet in contrast with previous research (Jiang et al., 2007b; Hontañón and Kruis, 2008) . Further work on modelling and experiments of particle photoionization included the role of particle size, light intensity, residence time and diffusion losses (Mohr and Burtscher, 1997; Maisels et al., 2002 Maisels et al., , 2003 Van der Zwaag et al., 2008) . More recently, we have implemented physical models for photoionization and charge motion into a multidimensional numerical model to demonstrate how photoionized particles and ions are transported in convective flows subjected to an electric field (Nishida et al., 2017) .
Photoemission yield is a linear function of particle active surface which is defined as being proportional to the inverse of particle mobility (Schmidt-Ott et al., 1990; Keller et al., 2001 ).
Experimental results show photoelectric yield to be a linear function of inverse electrical mobility for carbon agglomerates (Burtscher, 1992) , fractal-like silver agglomerates (Schmidt-Ott et al., 1990) (20 < d m < 100 nm, d fm = 2.26) (Schmidt-Ott, 1988; Wang and Sorensen, 1999) , diesel soot (Burtscher et al., 1998) , and recrystallized Ag and Au (Keller et al., 2001) , for particle mobilities largely in the free-molecular regime (20 < d < 100 nm). Photoemission yield is found to be a linear function of total particle (mobility) surface area, a nearly equivalent measurement to total active surface, for polyaromatic hydrocarbon (PAH) coated graphite aerosols (measured by diffusion battery) (Niessner, 1986) , denuded diesel exhaust particles at five representative engine modes (measured by scanning mobility particle sizer, SMPS) (Kittelson et al., 2005) , and sintered spheres and fractal-like agglomerates of Ag (SMPS) (Zhou et al., 2013) . Measurements of the aerosol total active surface area are of interest for emissions, environmental or exposure monitoring, particularly for materials such as elemental carbon and diesel soot, however, the dependence of particle material and morphology on photoemission must be understood. For that reason, photocharging theory (Cardona and Ley, 1978; Schmidt-Ott et al., 1980; Wood, 1981; Schmidt-Ott and Federer, 1981 ) must be adequately validated using combined modelling and experimental techniques (Jiang et al., 2007a,b; Hontañón and Kruis, 2008; Li and Chen, 2011; Mohr and Burtscher, 1997; Maisels et al., 2002 Maisels et al., , 2003 Van der Zwaag et al., 2008; Nishida et al., 2017) .
In this work, we use the computational fluid dynamics (CFD) model in Nishida et al. (2017) and detailed experiments to demonstrate how photoionization and an electric field can be employed to detect and measure particles in a continuous flow. An experimental photoionization chamber is outfitted with a low strength electric field (of order 10 V/cm) in order to capture ions, reduce recombination, and increase the particle charge state in a continuous flow of aerosol nanoparticles. The electric field enables measurement of two distinct currents: the first from ions captured in the photoionization chamber, and the second from the remaining charged particles. Experimental data is obtained for photoionization of a range of soot particle sizes and concentrations in continuous flow. Measured electrical currents are compared with those calculated from a 3D computational fluid dynamics model which includes equations for particle and ion flow, photocharging, recombination, diffusional wall losses and electric field transport. A single empirical constant and particle work function are used to account for photoionization. The novel approach of using an electric field to yield two distinct electrical current measurements is demonstrated to be useful for direct measurements of total photoelectrically active surface area of a known aerosol material.
Method
Theory
In direct particle photoionization, absorbed UV photons of sufficient energy cause particles to emit electrons, generating positively charged particles. The emitted electrons quickly collide with surrounding gas molecules, creating negatively charged gaseous ions. The electrostatic fields generated by the positively charged particles in turn create higher energy barriers for further release of photoelectrons. The probability (or combination coefficient) of photocharging spherical particles from charge level q to q + 1, α q→q+1 , is given by (Cardona and Ley, 1978; Maisels et al., 2002 )
where I is the the radiative energy flux, hν is the specific photon energy and πd 2 p /4 is the photoelectrically active area of a particle with diameter, d p . The proportionality constant, K c , is material dependent and empirically determined. The value of the exponent m has been determined as around 2 for metals and a few non-metals (Müller et al., 1988; Schmidt-Ott and Federer, 1981; Jiang et al., 2007a) . A positive emission probability means that hν > Φ where the particle surface work function, Φ, increases with each electron emission according to
for the work function of a flat surface of the same material, Φ ∞ , and elementary electron potential, V e (Cardona and Ley, 1978; Maisels et al., 2002) . The range of applicability to different materials is limited to those with a high-enough proportionality constant, K c , for detection and low enough work function, Φ ∞ , for photo-emission from available UV sources. Wavelengths of light lower than about 190 nm at high intensity can directly ionize gas molecules or lead to unwanted photochemical reactions (Matter et al., 1995) .
The rate of ion generation via photoionization is moderated by the rate at which charged particles recombine by collision at a rate β.
according to the method of Hoppel and Frick (1986) and Fuchs (1963) which includes electrostatic and diffusive forces, represented by the first and the second terms in the denominator, respectively. The rate of collision is proportional to the collisional cross sectional area πδ 2 , where δ is the limiting sphere radius, the mean molecular velocity c, and ion-particle collision probability, α C , which depends on charge and distance (Reischl et al., 1996) . The electrostatic potential, ϕ, depends on particle material, diameter, and distance from the center of the particle, r, where K = 1 for a perfectly conducting particle. The number and polarity of particle charges, i, is positive if the ion and particle are of the same polarity. Recombination of an ion with a charged particle assumes the ion transfers charge to the particle, leading to a sink term in the conservation equations for both particles and ions. More detail on the charging and recombination equations can be found in Nishida et al. (2017) .
Operating method
The positively charged particles and negatively charged ions are generated in a continuous flow chamber, where they are allowed to partly recombine, while surrounded by an applied electric field ( Figure 1 ). The net ionic flux to the electrode surfaces creates a current which can be detected at different locations. Negatively charged ions are transported to the positive electrode, while positively charged particles migrate to the negative electrode, both contributing to electrode current, i e , which can be measured by an external circuit. Negatively charged ions are gaseous and thus have electric mobilities of around 100 times greater than positively particles in the size range of interest (10-300 nm), so in general the corresponding negative ion flux is much higher than that created by the motion of positively charged particles. The remaining positively charged particles and negatively charged ions are transported through the chamber outlet to yield an outlet current, i o . The outlet current, i o , and the chamber electrode current, i e , are each directly related to the rate and efficiency of particle charging, so they contain information about the particle number and available charging area. Importantly, all measurements are conducted in steady-state, so there is no effect of induced current due to image charges on the electrode current, i e .
Equation 1 shows that the probability of photocharging depends directly on the particle area, which is proportional to d 2 p . The total charged particle flow is expected to therefore be proportional to the integral of the photoelectrically active area of all particles,
where f (d p ) is the probability distribution function of the particle size N d is particle concentration as a function of particle size. Owing to charge conservation, the total captured currents i e and i o indicated in Fig. 1 must be identical, and proportional to the photoelectrically active surface area. However, given the different rate of recombination, transport and capture of particles and ions through the electric field, the measurable currents from the photocharging process are in effect different functions of concentration, N , and particle diameter, d p , as described in the following sections. This allows for the potential for estimating particle diameter and number independently.
3D Computational Model
Equations for 3D, steady-state advection/diffusion, photoionization, recombination, and electric field transport of particles and ions are solved in three dimensions using computational fluid dynamics. The model includes photoionization and recombination theory as verified by comparison with analytical and 0D numerical models (Hoppel and Frick, 1986; Maisels et al., 2002 Maisels et al., , 2003 presented in Nishida et al. (2017) .
The velocity and pressure fields are solved using the incompressible, steady-state Navier-Stokes equations for the carrier gas. The velocity field, u, assumes convection of the carrier gas is independent of particle dynamics and electrical effects. Conservation equations for particle concentrations with a given charge q, N q , for a monosized particle distribution for particle charges between q min and q max , and ions of single negative charge, n −1 ,
for particle diffusivity, D p , electrical mobility, Z q , and electric field, E, and particle charging and recombination coefficients α and β given in Eqs. 1 and 3, respectively. The concentration of particles with charge q is changed by the net rate of particles acquiring or losing an extra charge due to photoemission and ion/particle recombination. The concentration of ions of a single negative charge is changed by the net rate of electron photoemission and ion/particle recombination at all particle charge states. An electric field is applied to influence the trajectory of particles and ions between two electrodes during photoionization. A Laplacian equation is solved for an applied voltage, V , at the electrodes to generate a potential field. The local electric field, E, is the gradient of the potential field according to,
where it is assumed that the electric field distribution is independent of the space charge. The flux of particles and ions transported to and captured at the electrode boundaries are integrated over the boundary area to yield an electrode current, i e . The flux of particles and ions convected through the outlet boundary are integrated over the outlet area to yield the charged particle current, i o .
Geometry and Mesh
The geometry consists of a cylinder containing two concentric electrodes used for electric field transport of ions and particles. The first electrode is a cylinder of 25 mm diameter and 200 mm length. The second electrode is a concentrically located rod of 1.5 mm diameter. A UV light source is placed at the upstream end of the system. The computational mesh comprises a 1/8 th section of the tube due to the axisymmetric nature of the solution.
The governing equations are converted to steady-state linear algebraic equations and solved using the CFD package, OpenFOAM v.4. After a study of grid independence, the computational mesh consists of 230,400 cells graded near walls where the largest concentration gradients occur. The minimum charge level of Eq. 6 is set to -5 charges per particle such that the concentrations of all neutral and negatively charged particles in this system are calculated. Solution time is a function of the theoretical maximum charge due to photoionization which determines the number of simultaneous concentration equations considered. For a maximum of 14 charges per particle, a solution is computed in 11.5 minutes on (Intel R Core TM i7 3.40 GHz) with 16 GB of RAM running on openSUSE 13.1. Parallel processing can readily be incorporated if necessary.
Properties and Operating Conditions
The particle flow comprises neutrally charged, monodisperse particles in air at NTP conditions. A uniform velocity profile is prescribed at the inlet, no-slip at the walls, and zero gradient at the outlet. Constant air density, viscosity, and ion diffusivity, D i , are assumed. A fixed, neutral concentration of monodisperse particles is prescribed at the inlet, zero concentration at the electrode walls, and zero gradient at the outlet. Monodisperse particles are prescribed in the model as a first order approximation of the polydisperse distributions produced with the experimental set-up. Modelling the effect of particle polydispersity on the electric current measured from particle photoionization requires source terms for each particle size and charge level and will be considered in future work.
The particle diffusion coefficient and electrical mobility are functions of particle diameter using mechanical mobility and Cunningham slip correction factors for air at NTP as described in Kulkarni et al. (2011) . Collision rates, β, are generated using ion properties from Wiedensohler (1988) and Eq. 3.
The product of light intensity I and a constant K c is adjusted only once to match experimental results, as summarized in Table 1 along with the remaining operating conditions which correspond to the experiment. The light intensity decreases with the inverse square law in the flow direction and the product K c I is fixed at the inlet, 2 cm from the light source. The particle work function, Φ ∞ for carbon particles is extracted from Michaelson (1977) . (Michaelson, 1977) 
Experimental Method
The experimental apparatus used is shown in Fig. 2 . Stable, carbonaceous soot particles were produced by propane (65-105 std cm 3 min −1 ), air (1.2 std L min −1 ) and N 2 (3 std L min −1 ) in a co-flow inverse diffusion flame followed by an ageing chamber as described in section 2.1 of Stettler et al. (2013) . An electrostatic precipitator operated at 9 kV captured particles with any residual charge from the combustion process, confirmed using an aerosol electrometer (TSI Inc., Shoreview, MN, USA: Model 3068B). An ejector diluter with filtered compressed air provided a vacuum to draw the sample through the aging chamber and electrostatic precipitator. The concentration was varied by changing the diameter of the critical orifice in the diluter and the flow rate of dilution air. The particle size was varied by changing the flow rate of propane into the flame. Higher flow rates of propane yielded larger particle sizes. The number-weighted 
Photoionization Chamber
The experimental photoionization chamber provides a volume in which aerosol particles are irradiated with UV light and subject to an electric field between two electrodes while in continuous flow. The sample aerosol flows from a sample inlet at the side of a cylindrical chamber, through the volume between the two electrodes, and through a sample outlet at the side of the chamber as seen in Figure 2 . The first electrode is a 200 mm long aluminum cylinder of 25 mm diameter. A concentrically located silver steel rod (functioning as the second electrode) of 200 mm in length and 1.5 mm in diameter is mounted at the end of the photoionization chamber nearest the outlet, extending co-axially along the entire length of the photoionization chamber and electrically isolated with PTFE. A UV-extended fused silica optical window of 25 mm diameter and 3 mm thickness makes up one circular side of the cylindrical chamber. A 3 W UV lamp (Dinies Technologies GmbH, Germany: Model Mini3W-52ozon) is located externally, 20 mm from the window. The UV source and window are located nearest the sample inlet such that the flow direction is away from the light source. The lamp outputs narrow lines of ultraviolet light 185 nm and 254 nm. A high-pass UV filter was used to demonstrate that the 254 nm line yielded negligible photoelectric emission, therefore the 185 nm light was considered the dominant for particle photo-emission. A voltage is applied between the electrodes in series with the electrometer current measurement, both using a Keithley electrometer (Keithley Instruments Inc., Cleveland, OH, USA: Model 6517B). The photoionization chamber is enclosed in an electrically-isolated, aluminium box which acts as a Faraday cage and is grounded with the electrometer triaxial measurement cable. The electrometer provides electrode current, i e , with an accuracy of ±3 fA. However, electrical noise from other sources increases the signal error. Flow through the photoionization chamber was sampled from the ejector diluter exhaust line by the aerosol electrometer (1.5 std L min −1 ). The aerosol electrometer measures outlet current, i o , using a particle filter in a Faraday cup electrometer with a noise level less than 1 fA at one second averaging time.
Results
Initially neutral particles flow in the direction perpendicular to the electric field between two electrodes and away from the UV light source. The particles are photoionized, yielding ions and charged particles, which are simultaneously transported to the electrodes and measured as electrical current. Modelling results for the components of the electrode current density, i e , as a function of distance from the light source are shown in Fig. 3 . The electrode current arises largely from capture of negatively charged ions nearest the light source; the rate of capture of ions decreases with distance from the light source. A much smaller fraction of the current is contributed by particles at each charge level as the flow proceeds away from the light source. The particles are photoionized to gain +1 charges which are further ionized to +2 charges and so on. The positively charged particles are captured at the electrode as the flow moves away from the light source, also contributing to the electrode current, i e . The rate of capture depends on the charge level and particle transport in the electric field. Although particles of higher charge levels such as +4 and +5 charges are more likely to be captured due to their higher electrical mobility compared to particles with +2 or +3 charges, their concentrations are lower, as there is insufficient irradiation time or light intensity to reach the higher charge levels.
The components of the integrated electrode current are shown as a function of distance from the light source along the electrodes in Fig. 4 for applied voltages of 25 V (20 V/cm) and 150 V (120 V/cm). As ions are captured at the electrode near the light source, the total current increases to nearly its maximum value in the first half of the chamber. The capture of particles occurs further along the chamber after sufficient time for the electric field to transport the particles to an electrode. In the 150 V (120 V/cm) case, the contribution to electrode current from particle capture is significantly higher than the 25 V (20 V/cm). The captured particles in the 150 V (120 V/cm) case cannot contribute to the outlet current i o , and therefore reduce the total outlet current. In the 25 V (20 V/cm) case, the electrode current, i e , arises largely due to the cross transport of negative ions, whereas the outlet current, i o , has equal magnitude and opposite sign, largely due to positively charged particles. After testing a range of electric field strengths over 0-150 V/cm (6 points logarithmically spaced, not shown) for the given flow rates and particle sizes, the field level corresponding to 25 V (20 V/cm) is nearly optimum to yield maximum outlet current, i o , and directly measure the total effect of particle photoionization. Applied voltages lower than ≈10 V (8 V/cm) provide insufficient ion capture, therefore allow more particle-ion recombination and reduce the electrical current at the outlet, i o . For applied voltages higher than ≈25 V (20 V/cm), charged particle capture becomes significant as demonstrated by the analysis for 150 V (120 V/cm). Further discussion of the effect of electric field strength on output electrical current can be found in Nishida et al. (2017) . For particle sizes smaller than 80 nm diameter, the particle capture at the electrode becomes more significant, and can affect the electrode current, as discussed below. 
Photoelectrically active surface
The electrode current, i e , and outlet current, i o , were measured for the photoionization of fractal-like, agglomerate soot particles (characterized in Stettler et al. (2013) ) over a range of count median (mobility) diameters, CMD (25-80 nm), and total concentrations, N (9 × 10 4 -1.1 × 10 6 cm −3 ) as measured by SMPS. Numerical calculations for the geometry and operating conditions considered were performed, in which a single empirical parameter corresponding to the product, K c I, adjusted to fit the model to the experiment for a single measurement. Figure 5 shows how the CFD model results shown in the surface plot obtained for the outlet current compare with the measurements.
The outlet current, i o , increases with both increasing particle concentration and diameter. The experimental and model results agree well for a range of particle mobility diameters (25-80 nm) (25-65 nm) with agreement up to 80 nm and concentrations (9 × 10 4 -1.1 × 10 6 cm −3 ) using a single value for K c I. The results show that the mobility diameter can be used as the characteristic particle diameter, d p , in Eq. 1 even for aggregates (Zhou et al., 2013; Keller et al., 2001; Burtscher, 2005) , agreeing with previous research for the range of soot morphology measured in this work (Stettler et al., 2013) . For this reason, the CMD for mobility diameter is represented by d p in the remaining discussion. The form of the dependence of current on diameter and concentration suggests a power law of the form:
with power fit coefficients δ and . Any current independent of the particle photoionization process, e.g. photoemission from housing walls is represented in the intercept coefficient, γ, and the absolute values of the remaining coefficients, ln i = ln γ + δ ln N + ln d p , as long as it remains constant between measurements. The relative effect of particle concentration and size on electrical current remains independent of background current, therefore the ratio /δ remains constant. Fit parameters for both Figs. 6 and 7 can be obtained from either the CFD model or directly from the experiments, and are shown in Table 2 for an applied voltage of 25 V (20 V/cm). Once the power fit parameters in Eq. 8 are obtained, it is possible to obtain the expected particle concentration for a given measured diameter and current. Figure 6 shows the expected concentration, <N >= iγ −1 d − p 1/δ , obtained using the CFD model fit parameters of Eq. 8 and experimentally measured currents, i o and i e , as a function of measured concentrations for an applied voltage of 25 V (20 V/cm). Likewise, Figure 7 shows the expected diameter, <d p >= iγ −1 N −δ 1/ , extracted from CFD model fit parameters of Eq. 8 and measured currents, and concentrations for an applied voltage of 25 V (20 V/cm). Experimental values of currents were measured with lognormal particle size distributions of soot featuring count median diameters 25-80 nm and geometric standard deviations between 1.54 and 1.75. These results for polydisperse measurements agree well with modelling results for monodisperse particle diameters of 40-80 nm and concentrations of 1 × 10 4 -1.2 × 10 6 cm −3 as shown by the correlation plot in Figs. 6 and 7. Monodisperse modelling results outside of this range cannot capture the current from a small concentration of larger particles that are present in polydisperse distributions. Uncertainty of the mean particle diameter and total concentration from the SMPS is 1% and 10%, respectively, consistent with published values (Mulholland et al., 2006; Wiedensohler et al., 2012) . The error bars represent the standard error in i o and i e current measurements which average less than 1 fA and 70 fA, respectively, for 30 seconds of measurements per data point at a rate of 1 second per measurement. The outlet current is more adequately shielded from electronic noise yielding more accurate measurements. Both Figures 6 and 7 show the CFD model agrees well with the experiment for measurements of concentration and diameter for a single K c I fit parameter of 1.15×10 34 J −1 m −2 s −1 . p from experimental and modelling results, respectively. The capture of a fraction of the positively charged particles as well as the negative ions at 25 V (20 V/cm) increases the ratio of coefficients from the value of 2 in Eq. 1 for the outlet current and decreases it for the electrode current.
For an applied voltage of 25 V, the outlet current, i o , is linearly proportional to concentration and nearly proportional to the square of diameter, i.e. i o ≈ CN d 2 p + b. This convenient relationship gives a direct measure of total expected particle surface area, <A p >, defined in Eq. 5. The total photoelectric surface area estimates generated using i o at 25 V (20 V/cm) are plotted as a function of the total measured surface area from the SMPS in Fig. 9 . All the estimates generated by the photoionization device are within 30% of the SMPS values for A p , demonstrating that under these conditions, the total photoelectrically active surface area represents the total mobility surface area as measured by SMPS.
The photoemission response of soot particles from a propane flame subject to an applied electric field are analyzed in the present work. Real world aerosols contain mixtures of photo-emitting and some weakly photo-emitting materials. For example, photoemission from NaCl aerosols was below the detection limits of the present set-up. However, with further understanding, the photoionization may provide the opportunity for material selective measurements in real-world aerosols.
Conclusions
A novel charging and measurement method is introduced by applying an electric field to allow the direct measurement of photoemitted charge from particles captured in the electric field in continuous flow. A 3D computational fluid dynamics model is described, which includes particle photocharging, recombination, diffusional wall losses and electric field transport. An applied voltage of 25 V (20 V/cm) is shown to be nearly optimum for the capture of ions at the electrode without largely capturing charged particles for the particular geometry and particle range. The model shows good agreement for measurements of two distinct electrical currents (electrode, i e , and outlet, i o ) with those from experimental photocharging of soot particles in a range of sizes and concentrations, for a single fitted parameter for all cases, to account for light intensity. This demonstrates that the physics of the problem is suitably captured by the model and that the method can be used to estimate material dependent fitting parameters such as K c I. At a low applied voltage of 25 V (20 V/cm), for which /δ ≈ 2, a direct measurement of photoelectrically active surface area of soot particles becomes possible, with an accuracy of within 30% of total surface area from a SMPS (A p ). Mobility diameter is confirmed as a suitable characteristic diameter used in photoionization equations, agreeing with previous research.
